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Coatings 

TECHNICAL FIELD 

An element for making an electric contact to a contact member for enabling an 
electric current to flow between said element and said contact member. The 
element comprising a body having at least a conteict surface thereof coated 
with a contact layer to be applied against said contact member. The contact 
layer comprises a continuous or discontinuous film comprising a multielement 
material. The multielement material has equal composition as at least one of a 
layered carbide and nitride that can be described as M miAXn or M , BX, where 
M is a transition metal or a combination of a transition metals, n is 1 , 2, 3 or 
higher, A is an group A element or a combination of a group A element, B is an 
group B element or a combination of a group B element and X is Carbon, 
Nitrogen or both. 

BACKGROUND ART 

Recent studies has shown that compounds having the general formula 
M»»iAXn exhibit unusual and exceptional mechanical properties as well as 
advantageous electrical thennal and chemical properties. Despite having high 
stiffness these compounds are readily machinable, resistant to thermal shock, 
unusually damage tolerant, have low density and are themiodynamically stable 
at high temperatures (up to 2300*C in vacuum). 

MmiAXn compounds have layered and hexagonal structures with MmiXn 
layers interieaved with layers of pure A and this is a anisotropic structure which 
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has exceptionally strong M-X bonds together with weaker M-A bonds, which 
gives rise to their unusual combination of properties. 

MmiAXn compounds are characterized according to the number of transition 

S metal layers separating the A-group element layers: in 21 1 compounds there 

are two such transition metal layers, on 312 compounds there are three and on 

413 compounds there ore four. 211 compounds are the most predominant, 
these Include Ti 2 AlC. Ti^AlN. Hf^PbC. Nb^ AlC, (NB.Ti)^ AlC, Ti, AIN0.5C0.5. 

Tij GeC, Zr^ SnC, Ta2 GaC, Hf ^ SnC. Ti 2 SnC, Nbj SnC, Zr^ PbC and Ti^ PbC. 
10 The only known 312 compounds are TijAICa , TijGeCj and TiaSiCj . Ti4 AIN3 
and TI4 SiCj are the only 413 compounds known to exist at present A large 
number of solid solution permutations and combinations are also conceivable 
as it is possible to fomi solid solutions on the M-sites, the A-sites and tiie X*- 
sites of these different phases. 

15 

The MntiAXn compounds can be in ternary, quaternary or higher phases. 
Ternary phases has three eiemente, i.e. TijStC, , quaternary phases has four 
elements i.e. Ti, AINo.sCo^, and so on. Thermally, elasticaily, chemically and 

electrically the ternary phases, quaternary phases or higher phases share 
20 many of the attributes of the binary phases. 

Michel Barsoum has synthesized, characterized and published data on the 

MndAXn phases named above in bulk fonn ^The MmiAKn Phases: A New 

dass of Solids". Progressive Solid State Chemistry. Vol. 28 pp201-281, 2000]. 
25 His measurements on Ti , SIC j show that it has a significantly higher thermal 

conductivity and a much lower electrical resistivity than titanium and, like other 
MndAXn phases, it has ability to contain and confine damage to small areas 
thus preventing/limiting crack propagation through the material. Its layered 
structure and the fact that bonding between the layers is weaker than along the 
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layers (as in graphite) give rise to a very low friction coefficient, even after six 
months exposure to atmosphere. 

The research groups of Prof. Lars Hultman at LinkOping University and Prof. Ulf 
5 Jansson at Uppsala University have demonstrated that magnetron sputtering 
process (a sort of Physical Vapor Deposition. PVD) can be used to deposit 
coatings of Ti3SiC2 and other Mn-t-1 AXn phases onto various substrates at . 
relatively low temperatures (approximately 750-1000 °C) [Palmquist, J.-P., et 
al.. "Magnetron sputtered epitaxial single-phase TijSiCj thin films". Applied 

10 Physics Letters. 2002. 81: p. 835; Seppanen, T.. et al. "Structural 

characterization of epitaxial Ti3SiC2 FILiy/l". in Proc. 53rd Annual Meeting of the 
Scandinavian Society for Electron Microscopy, Tampere. Finland 12-15 June. 
2002 (Ed. J. Keranen and K. Sillanpsa, University of Tampere. Finland. ISSN 
1455-4518, 2002), p. 142-143.] 

IS 

A contact element in an electrical contact arrangement may have many 
diffensnt applications. The contact element is used for mal<ing an electric 
conteict to a contact member for enabling an electric current to flow between 
said element and said contact member. The element comprise a body having 

20 at least a contact surface thereof coated witti a contact layer to be applied 

against said contact member. A sliding electric contact arrangement comprising 
two contact surfaces adapted to be applied to each other for establishing an 
electric contact may slide with respect to each other when establishing and/br 
intenupting and/or maintaining the contact action. Such electric contact 

25 elements, which may establish sliding contacts or stationary contacts has 
preferably a body made of for instance copper or aluminum. 

The contact layer Is arranged for establishing a contact to the contact member 
with desired properties, such as a low contact resistance and low friction 
30 coefficient with respect to the material of the contact member to be contacted 
etc. Such applications are for instance for making contacts to semiconductor 
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devices for establishing and intenrupting electric contact, in mechanical 
disconnections and breakers and for establishing and interrupting electric 
contacts in contact arrangements of plug-in type. Such electric contact 
elements, which may establish sliding contacts or stationary contacts has 
5 preferably a body made of for instance copper or aluminium. 

An example of a contact element including a contact layer, such as a 
continuous film of a multielement material having strong bonds, such as 
covalent or metallic bonds, within each atomic layer and weaker bonds, through 
10 longer bonding distance or for example as van der Waals bonds or hydrogen 
bonds, between at least some adjacent atomic layers thereof is given in 
WO01/41 167. The multielement material is M0S2 , WSj or of any of layered 
temary carbides and nitrides that can be described as M3AX2 . A problem with 

the described multielement material is that methods to produce the material are 
15 carried out at high temperatures (700-1400" C). This means that an electrical 
electric contact element, which has a body made of a material that is not shape 
resistant at high temperatures, for instance copper or aluminum cannot be 
made use of. 

20 SUMMARY OF THE INVENTION 

The object of the present invention is to provide an electric contact element 
having a contact layer with a low friction without the disadvantages mentioned 
above of such layers already known in connection with use and/or manufacture 
25 thereof. 

This object is obtained by providing an element for making an electric contact 
to a contact member for enabling an electric current to flow between sard 
element and said contact member, said element comprising a body having at 
30 least a contact surface thereof coated v\nth a contact layer applied against said 
contact member, and that said contact layer comprises a film comprising a 
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multielement material comprising a nanocomposite of M-X. M-A-X and/or M-B- 
X nanocrystals and amorphous regions with M, A, X elements in one or several 
phases, such as M-A, A-X, M-A-X, X, M-B, B-X, or M-B-X. The multielement 
material comprises material with equal or similar composition as at least one of 
5 a layered carbide and nitride that can be described as MmiAXn or M 2 BX, 
where M is a transition metal or a combination of a transition metals, n Is 1, 2, 3 
or higher, A is an group A element or a combination of a group A element, B is 
an group B elements or a combination of a group B element and X is Carbon, 
Nitrogen or both. 

10 

A nanocomposite is a composite comprising crystals, regions or structures with 
a characteristic length scale above 0.1 nm and below 1000 nm. 

A prefen^ed Mn>i AXn phase is Ti3SiC2, where the resulting film deposited at low 
IS temperature Is a nanocomposite of TiC nanocrystals and an amorphous phase 
with Si-C, Ti-Si-C, Ti-Si and C. This film posses good mechanical, chemical, 
temperature and contact properties. 

It has been found that low temperature deposition of the multielement 
20 laminated structure results in nanocomposite compounds, with single elements, 
binary phases and ternary phases or a higher order phase depending of the 
number of atomic elements, with good chemical and contact properties. The 
composition of the compounds on an average should be equal or similar to the 
composition of the MmlAXn or BX phases, such as A-X, M-A-X and X 
25 phases or B-X, M-B-X and X phases. The nanocomposite compounds shows 
also the desired ductile behaviour, posses non welding properties, shock 
resistance, chemical inertness, low contact resistance and good high 
temperatures properties which are all desired properties in electrical contact 
arrangement. Single phase crystalline microstructure forms large grains 
30 structure forms grains from 700' C. 
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In an embodiment of the invention the multielement material is equal or similar 
to any of a layered carbide and nitride that can be described as Mmi AXn or 
M 2 BX. The multielement material is in an amorphous state or nanocrystalline 

(0.5-500 nm grain size) state. The MmiAXn compound has a composition 
5 A^X, where {0<x, y, z^l; x+y+z=1} or both. 

Ti,Si^C, with x=0,5 and 0.1<y<0.3 made by magnetron sputtering onto 

substrates kept at low temperature, T.; <700-C, exhibit contact resistance 
against Ag of 6 (johm at a force of 800 N. which is comparable with Ag-Ag 
10 contacts. At the same time many useful mechanical properties are comparable 
in terms of friction, wear, and hardness to the previously known binary metal 
containing any metal Me and diamond-like carbon compound C, Me-C. 

Unlike the diamond-like carbon compound that is designed for high hardness 
15 and thus typically exhibit brittle fracture, the material comprising compounds 
with equal or similar composition as any of a layered carbide and nitride that 
can be described as M ml AXn or M 2 BX and nanocomposites are ductile as 
seen by wear, scraping, scratching and indenting tests. 

20 The A element to M-X compounds improves the afore mentioned properties. 
The nanocomposite comprising compounds with equal or similar composition 
as at least one of a layered carbide and nitride that can be described as 
MndAXn or M 2 BX , such as M-X, M-A-X and/or M-B-X nanocrystals and 

amorphous regions with M, A, X elements in one or several phases, such as M- 
25 A, A-X, M-A-X, X or M, B, X elements in one or several phases, such as M-B, 
B-X, M-B-X, X. The nanocomposites have metallic or ceramic or mixed 
character type depending on the composition and processing of the film. 

The deposited coatings comprising nanocomposites may form a transfer layer 
30 of nanolaminated crystalline M AX „ phases or carbon graphite during 
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mechanical wear of an electrical contact The phase transfomnation is driven by 
the thermo- mechanical energy generated in the contact zone. This layer may 
exhibit ultralow friction due to easy basal plane slip if the M„^i AX„ phase or 

graphite phase becomes textured parallel to the coating surface. Thus, the 
5 coating would not only be functional, but also self-adapting for the application. 

PVD, CVD and other deposition processes involving co^eposition of 
elemental, precursor or compound sources which can be used to make thin 
films consisting of multielement material equal or similar to MmiAXn 

10 compounds, said multielement material comprising a nanocomposite of M-X or 
M-A-X nanocrystals and amorphous regions with M. A, X elements in one or 
several phases, such as M-A, A-X, M-A-X, X. Preferably the depositions are 
made at low substrate temperatures such as in the demonstrated example. 
Finally, we note the possibility to design a coating with the widest possible 

IS range of properties compared to other materials as function of composition x, y, 
z and to make gradient material in one deposition run by varying the 
compositions from different sources. 

It has turned out that a nanocomposite comprising said multielement material, 
20 and/or a metallic layer is excellent as a contact layer on a contact element in 
question for many reasons. A contact layer comprising such a multielement 
material, and/or a metallic layer according to the invention used as a contact 
has low contact resistance. The friction coefficient thereof is very low, typically 
0.1-0.4. The metallic layer provides the low contact resistance. Furthennore, in 
25 regions where the contact has a high friction said metallic layer can be worn 
and the said underlying multielement material comprising a nanocomposite of 
M-X, M-A-X and/or M-B-X nanocrystals and amorphous regions with M, A, X 
elements in one or several phases, such as M-A, A-X, M-A-X, X, M-B, B-X, or 
M-B-!X. 
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and said multielement material appears on the surface and reduces the friction. 
Furthermore, said underlying multielement material provides a low friction and 
wear resistance. Furthermore, said underiying multielement material also is a 
mechanical load carrying structure witii ductile properties under the thin 
metallic film. This is due to the fact that the strong bonded M-X layers are 
anranged alternating with weaker M-A bonds. The bonds between these layers 
in the multielement material are weak. Accordingly, when multielement material 
of this type comes into contact with another layer only the uppemnost atom 
layer is sheared against the opposite surface of said contact member resulting 
in very low friction. The low temperature films are showing equal properties 
compared to films that possesses a layered crystalline structure. The chemical 
inertness and the smoothness of the multielement compound also contribute to 
a low friction. The low friction is also due to grain rotation of the nanocomposite 
phases, and grain boundary phases or carbon. The multielement material are 
relatively chemical inert and stable at temperatures exceeding 400 'C. 
Furthemiore. said materials have low tendency to form oxides, which prevent 
degradation of electric contact to said contact member. Furthermore said 
multielement material coated or combined with a metallic layer show a ductile 
performance. 

Said multielement material with equal or similar composition as a MmiAXn or 
M 2 BX compound, will have a morphology varying from amorphous or 
nanocrystalline to pure crystalline, and the morphology may be selected in 
accordance with the particular use of the contact element and the costs for 
producing the multielement material. 

According to a preferred embodiment of the invention the multielement material 
of said film coated or combined with a metallic layer is in the range 0.001 pm to 
1000 pm, and in a very preferred embodiments is less then 5 pm. Said film of 
metallic layer is in the range of a fraction of an atomic layer to 1 mm. Such 
coatings may have a lifetime being neariy indefinite thanks to the very low 



friction and wear resistance of this material, so that in closed systems the result 
aimed at will be achieved through a thin film having low costs of material and 
manufacturing process as a consequence thereof. 

5 According to another a preferred embodiment of the invention the multielement 
material coated or combined with a metallic layer is above 5 pm. Such a 
thickness is preferred in the case of using such a film on a contact element in a 
contact arrangement where the contact element and the contact member are 
going to be moved with respect to each other, such as in a sliding contact, and 

10 accordingly not only moved by different coefficients of themnal expansion upon 
themial cycling, such as when used on a slip ring in an electric rotating 
machine. 

According to another preferred embodiment of the invention the nanocomposite 
IS multielement film is a blend of different Mmi AXn and/or M 2 BX compounds 
where the resulting phases and atomic ratio of the elements are depended on 
the atomic elements in the MmlAX^ and/or M 2 BX phases and the ratio 
between the materials. 

20 According to another preferred embodiment of the invention the body deeper 
under said contact surface is made of material being non-resistant to corrosion, 
and the material last mentioned is coated by a corrosion resistant material such 
as nickel, adapted to receive said film on top thereof. It is preferred to proceed 
in this way, since the multielement material film may have pores with a risk of 

25 corrosion of the underlying body material therethrough. 

Another object of the present invention is to provide sliding electric contact 
arrangement of the type defined In the introduction allowing a movement of two 
contact surfaces applied against each other while reducing the inconveniences 
30 discussed above to a large extent. 
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This object is according to tlie invention obtained by providing such an 
anrangement with a contact element according to the present invention with 
said film arranged to form a dry contact with a very low friction coefficient, 
below 0.2, preferably below 0.1 , to a contact member. 

The basic features and advantages of such a contact an*angement are 
associated with the characteristics of the contact element according to the 
present invention and appear from the discussion above of such a contact 
element. However, it is pointed out that a ''sliding electric contacf includes all 
types of an'angements making an electric contact between two members, 
which may move with respect to each other when the contact is established 
and/or interrupted and /or when the contact action is maintained. Accordingly, it 
includes not only contacts sliding along each other by action of an actuating 
member, but also so called stationary contacts having two contact elements 
pressed against each other and moving with respect to each other in the 
contacting state as a consequence of magnetostriction, themnal cycling and 
materials of the contact elements with different coefficients of themnal 
expansion or temperature differences between different parts of the contact 
elements varying over the time. 

A contact arrangement of the type last mentioned constitutes a preferred 
embodiment of tiie present invention, and tiie contact elements may for 
instance be pressed with a high pressure, preferably exceeding 1 MPa against 
each other without any mechanical securing means, but the contact elements 
may also be forced against each other by ttireaded screws or bolts. 

According to another preferred embodiment of the Invention said contact 
anrangement is adapted to be arranged in an electric rotating machine, where 
the film comprising multielement material will result in a number of advantages. 
It is in particular possible to benefit from the low friction coefficient of the 
multielement material when arranging the contact element and the contact 
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member of the contact arrangement on parts of the rotating machine moving 
with respect to each other, such as for instance the slip ring as a contact 
element and a contact element sliding thereupon. It will in this way be possible 
to replace the carbon brushes used in the elec^c rotating machines by a 
contect element according to the present invention and a film of said type is 
then also preferably arranged on the moving part, such as a slip ring. Said 
carbon brushes have a number of disadvanteiges. such as a restricted lifetime, 
since the carbon is consumed. Furthemiore, carbon dust is spread out on the 
windings and other parts of the madiine, which may disturb the function 
thereof. It is prefen-ed to have a thickness of the film of multielement material 
exceeding 10 pm for such a contact element, since also the film of 
multielement material will be consumed, but comparatively slov^rty, in this 
application thereof. 

Electrical contacts arrangements according to other preferred embodiments of 
the Invention are different kinds of contacts having contact surfaces moving 
while bearing against each other in establishing and/or intenupting an electric 
contact, such as plug-in contacts or different types of spring-loaded contacts, in 
which it is possible to take advantage of the very low friction coefficient of a 
multielement material resulting In a self-lubricating dry contact vwithout the 
problems of lubricants such as oils or fats while making it possible to reduce 
the operation forces and save power consumed In actuating members. 

Electrical contacts anangements according to other preferred embodiments of 
the invention are included in tap changers on transformers, where a low friction 
is a great advantage when the contact elements are sliding with their contact 
surfoces against each other, and in mechanical disconnectors and breakers 
and in relays. 

The invention also relates to a use of the contact arrangement according to any 
of the claims according to the invention relating to a contact arrangement, in 
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\A^ich a probe for measuring and testing an integrated circuit is covered vtnth 
said multielement material film, a contact layer is coated/combined with a 
metallic layer, avoiding chemical degradation and metal cladding on the probe. 
It is self evident that this use according to the invention is very favourable, 
5 since it will make it possible to cany out measurements and testing vwithout any 
intenruptions for replacing or cleaning the probe. 

The invention also relates to a use of the contact anangement according to any 
of claims according to the invention relating to a contact an^angement in which 
10 a contact for enabling contact to an electronic device, such as an integrated 
circuit (IC) is covered with a said multielement material film enabling electrical 
contact to the device. 

Further advantages as well as advantageous features appear from the 
15 following description and the other dependent claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Witti reference to the appended drawings, below follows a specific description 
20 of prefened embodiments of the invention. In the drawings; 

Figure 1 A depicts a structure of a multielement material layer comprising nano- 
composites with nanocrystals rmxed with amorphous regions, 

25 Figure 1 B depicts another structure of a multielement material layer comprising 
nanocomposites vwth nanocrystals mixed with amorphous regions. 

Figure 2 depicts a structure of a multielement material layer with regions in a 
nanocrystalline state, 

30 
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Figure 3 depicts a structure of a multielement material comprising a metallic 
layer, 

Figure 4 depicts a structure of a multielement material layer laminated with 
S metallic layers in a repeated structure. 

Figure 5 illustrates an electric contact element of plug-in type according to a 
preferred embodiment of the invention, 

10 Figure 6 is a sectioned view of an electric contact element of helical contact 
type according to another preferred embodiment of the Invention, 

Figure 7 is a partially sectioned and exploded view of an arrangement for 
making an electric contact to a power semiconductor device according to a 
15 preferred embodiment of the invention and 

Figure 8 illustrates schematically a contact arrangement of a contact 
arrangement according to a prefenred embodiment of the invention in electrical 
equipment. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1A depicts a structure of a multielement material layer with equal or 
similar composition as any of a layered cari^ide and nitride that can be 

25 described as MmiAXn or M ^ BX, where M is a transition metal or a 
combination of a transition metals, n is 1, 2, 3 or higher, A is an group A 
element or a combination of a group A element, B is an group B element or a 
combination of a group B element and X is Carbon, Nitrogen or both, 
comprising a nanocomposite of M-X. M-A-X and/or M-B-X nanocrystals and 

30 amorphous regions with M, A, X elements in one or several phases, such as M 
A, A-X, M-A-X, X and/or M, B. X elements in one or several phases, such as M 
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B, B-X, M-B-X. X. The multielement material has amorphous regions (denoted 
G In the figure) mixed with regions in of the multielement material in a 
nanocrystalline state (denoted C, D, E in the figure). The individual regions 
(denoted C. D and E in the picture) in the structure is a single element, binary 
phases, ternary phases and/or higher order phas^ depending on Vne number 
of atomic elements in the film. 

Figure 1B depicts a structure of a multielement material with the elements that 
is described in the description to figure 1A. The multielement material has 
amorphous regions with M-A, A-X, M-A-X and X phases or BX. M-B-X and X 
phases (denoted G in the figure) mixed with regions in of the multielement 
material in a nanocrystalline state. M-A-X and/or M-X or M-B-X and/or M-X of 
MitriAXn or Ml BX phases of which some is sun-ounded by an amorphous 
layer (denoted J, K, L in the figure), or crystalline layer (denoted C, D. E In the 
figure), of a pure M-A, A-X. M-A-X and X phases or BX, M-B-X and X phases 
material (denoted C. D. E in the figure). 

Figure 2 deplete a structure of a multielement material vMth the elements that is 
described In the description to figure 1 layer With regions in a nanocrystalline 
state, (denoted C. D. E in the figure). The individual regions (denoted C, D and 
E in the picture) in the structure is a single element, binary phases, ternary 
phases and/or higher order phases. 

Figure 3 depicts a structure of a multielement material U with the elements that 
is described in the description to figure 1 comprising a metallic layer Me> 

Rgure 4 depicts a structure of multielement material layere with the elements 
that is described in the description to figure 1 layer laminated with metallic 
layers Me in a repeated structure. The multielement material layers in 
amorphous regions mixed vwth regions in a nanocrystalline state (denoted U in 
the figure). 
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Figure 5 illustrates an electric contact element of plug-in type according to a 
prefenred embodiment of the invention, 

Figure 5 shows a contact arrangement 1 of plug-in type, in which a contact 
surface 2 on a contact element 3 slides along and while l>earing against 
contact surfaces 4 on another contact element 5, here called contact member. 
The contact element 3 has a female character and is present in the form of a 
resilient jaw adapted to be connected to the male contact member 5 in the fomi 
of a contact rail. The contact element 3 is applied on the contact member 5 and 
bears in the contacting state while being biased by means of at least a contact 
surface 2 against a contact surface 4 on the contact member 5. At least one of 
the contact surfaces 2 and 4, preferably botii, are provided with a continuous or 
discontinuous multielement material film according to the invention said film a 
comprising a multielement material with equal composition as any of a layered 
carbide and nitride that can be described as MmiAXn or M , BX. where M is a 
transition metal or a combination of a transition metals, n Is 1 , 2, 3 or higher. A 
is an group A element or a combination of a group A element. B is an group B 
element or a combination of a group B element and X is Cariaon. Nitrogen or 
both and the multielement material comprising a nanocomposite of M-X, M-A-X 
and/or M-B-X nanocrystals and amorphous regions with M, A, X elements in 
one or several phases, such as M-A, A-X. M-A-X, X, M-B, B-X, or M-B-X. 

The class of material is also denoted as (n+1)1(n) compounds. The 
multielement material could also have a composition corresponding to a H- 
phase material that can be described as M , BX, where M is a transition metal; 
B is a group B element and X is either C or N. This film has a thickness in the 
range of 0.001 \im to 1000 pm, and it will have a very low friction coefficient, 
typically 0.01 to 0.1. This means that the friction forces to be overcome when 
controlling the contact arrangement for establishing or interrupting the electric 
contact will be very low. resulting in a low necessary power consumption in an 
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actuating member and a nearly neglectible wear of the of the contact surfaces 
constituted by this film. Furthemnore. the film is chemical inert and stable at 
temperatures exceeding 400" C. it is pointed out that it is well possible that said 
continuous or discontinuous film Is arranged on only the contact member 5, 
which of course is a contact element just as the contact element 3. 
Furthermore, in this case the film comprising multielement material is deposited 
and adheres to the body 6 of the contact element 3, but in other preferred 
embodiments of the invention it is well possible that said film coats a body 
being laid on top thereof as a separate foil. This may in particular be the case 
for the embodiment shown in Fig. 3 described further below. The continuous or 
discontinuous film comprising the multielement material may be deposited on 
the body of the contact element, being preferably of Cu, by different kinds of 
^ Physical Vapour Deposition (PVD). Chemical Vapour Deposition (CVD), 
electrochemically, electroless deposition or with thermal plasma spraying. It is 
preferred to provide a fiiin layer of a corrosion resistant material on the body 
before applying said film would the body be of a material being non-resistant to 
corrosion, since it is possible that the film will have some pores reaching 
therethrough. 

Fig 6 illustrates a fiirther example of a contact arrangement in which it is 
advantageous to coat at least one of the contact surfaces with a continuous or 
discontinuous film comprising a multielement material, according to the 
invention said film fomiing a self lubricating dry contact with a very low friction 
according to the present invention. This embodiment relates to a helical contect 
anrangement having a contact element 7 in the form of a spring-loaded annular 
body such as a ring of a helically wound wire adapted to establish and maintain 
an electric contact to a fist contact member 8, such as an inner sleeve or a pin, 
and a second contact member 9, such as an outer sleeve or a tube. The 
contact element 7 is in conteict state compressed so that at least a contact 
surface 10 thereof will bear spring-loaded against a contact surface 11 of the 
first contact member 8i and at least anther contact surfece 12 of the fist contact 



17 



element 7 will bear spring-loaded against at least a contact surface 13 of the 
second contact member 9. According to this preferred embodiment of the 
invention at least one of a contact surfaces 10-13 is entirely or partially coated 
with a continuous or discontinuous low friction film comprise the multielement 
5 material. Such a helical contact arrangement is used for example In an 
electrical breaker in a switchgear device. 

An arrangement for making a good electric contact to a semiconductor 
component 14 is illustrated in Fig 7. but the different members arranged in a 
10 stack and pressed together with a high pressure, preferably exceeding 1 MPa 
and typically 6-8 MPa, are shown spaced apart for clarity. Each half of the 
stack comprises a pool piece 15 in the fomi of a Cu plate for making a 
connection to the semiconductor component. Each pool piece is provided with 
a thin continuous or discontinuous film 16 comprising multielement material, 
15 and a metallic layer. The coefficient of thermal expansion of the semiconductor 
material, for instance Si, SiC or diamond, of the semiconductor component and 
of Cu differs a lot (2,2*10*/K for Si and 16*10-*/K for Cu). which means that 
the Cu plates 15 and the semiconductor component 14 will move laterally with 
respect to each other when the temperature thereof changes. Contact 
20 arrangements of this type according to the stand of the art require for that sake 
one or several further members in said stack between the pool piece and the 
semiconductor component for taking care of this tendency to mutual 
movements upon themial cycling for avoWing cracks in the semiconductor 
component and/or wear of the contact surface of said component. However the 
25 very low friction of a film according to the presentlnvenlion makes it possible to 
omit all these additional members and making the contact arrangement less 
costly, not at the least by allowing the issue of a cheap material without any 
need of thermal matching close to there semiconductor component A contact 
anangement of this type is a part of power electronic encapsulation 17 fbmaing 
30 a closed system, and practically no material will be consumed when the film 
moves along the semiconductor component upon themial cycling so that the 
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lifetime thereof will be practically indefinite. The multielement contact layer 16 
can also be deposited directly on the semiconducting device14 or both on the 
Cu pole piece 15 and the device 14. 

5 Figure 8 illustrates schematically an electric contact arrangement of plug-in 
type, for example used in electrical equipment. The members are an-anged to 
be pressed together but are shown spaced apart for clarity The contact 
arrangement has a first contact member 41, whidi has male character, and 
second contact member 42, which has female character. The first contact 

10 member 41 is adapted to be connected to the second contact member 42, by 
means of at least a contact surface 43 on the first contact member against a 
contact surface 44 on the second contact member. At least one of tfie contact 
surfaces 43 and 44, preferably both, are provided with a continuous or 
discontinuous film comprising the multielement material. 

15 

A contact element and a sliding electric contact arrangement according to the 
present invention may find many other preferred applications, and such 
applications would be apparent to a man with ordinary skill in the art without 
departing ftom the basic idea of the invention as defined in the appended 
20 claims. 

It would for e^xample be possible to dope the thin friction film for improving 
friction, thermal, mechanical or electrical properties by one or several 
compounds. However, the amount of doping should not exceed 20 % of the 
25 weight of the film. It is then also possible to have different films on different 
contact surfeces of the contact elements and the contact member, for instance 
some doped and others not or some fomied by at least two sub-layers and 
others having only one layer. 

30 Another example of a contact arrangement according to the invention is to 
cover a probe for measuring and testing an integrated circuit (IC) with said film. 
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comprising a multielement material and a metal layer, avoiding chemical 
degradation and metal cladding on the probe. 

Furthermore, the contact elements and anrangements of the invention are not 
restricted to any particular system voltages, but may be used on low, inter- 
mediate and high voltage applications. 

The multielement material of the contact layer according to the invention may 
form an solid film together with 50-90% of metal, for Instance of Ti or Au, for 
improving the conductivity. This may take place by forming a homogeneous 
dispersion of the metal in the material, inhomogeneous dispersion with metallic 
regions and multielement regions, such as a composite or by arranging a layer 
of the multielement chemical compound and a layer of the metal altematingly. 
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CLAIMS 

1 . An element for making an electric contact to a contact member (5, 1 5, 
19. 41) for enabling an electric current to flow between said element and said 

5 contact member, said element (3.14. 42) comprising a body (6) having at least 
a contact surface (2. 4. 1 6. 43. 44) thereof coated with a contact layer applied 
against said contact member, and that said contact layer comprises a film 
comprising a multielement material with equal composition as at least one of a 
layered cart)ide or nitride that is described as M miAX„ or M ^ BX compounds. 

10 where M is a transition metal or a combination of a transition metals, n is 1 . 2. 3 
or higher, A is an group A element or a combination of a group A element, B is 
an group B element or a combination of a group B element and X is Carbon, 
Nitrogenorboth.characterised in that said multielement material 
comprise at least one nanocomposite comprising single elements, binary 

15 phases, ternary phases or higher order phases based on the atomic elements 
In the corresponding MmiAX« or M ^ BX compound. 



2. Anelementaccordingtoclaiml.characterised in thatsaid 
nanocomposite comprise at least two of the following phases: M-A, A-X, M-A-X, 

20 X. M-X. M-B-X. M-B. B-X, or M-B-X or a combination of said materials. 

3. An element according to any of claim 1 or 2, c h a r a c t e r i s e d in 
that said nanocomposite comprise at least one of the following of M-X, M-A-X 
and M-B-X nanocrystals (C. D. E) and at leastone of the following amorphous 

25 regions (J. K. L) witii M. A. X elements in one or several phases, such as M-A. 
A-X, M-A-X. X and M-B. B-X or M-B-X. 

4. An element according to any of the preceding claims, 
characterised in that said transition metal is Titan; Ti.n is 1,2, 3 or 

30 higher. X is C; Cartjon and A is at least one of Silicon; Si. Germanium; Ge or 

Tin; Sn or a combination of said atomic elements. 
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5. Anelementaccordingtoanyofclalm8l-3. charact ris d in 
that that said multielement material is Ti,SiC, and the nanocomposite 
comprise at least one of the following Si-C. Ti-Si-C. Ti-Si. C or a combination of 

5 said materials. 

6. An element according to any ofclaims 1,2, 4 or 5, 
characterised in that said nanocomposite of the multielement 
material of said film is at least partially in an amorphous state. 

10 

7. An element according to any of claims 1 , 2, 4 or 5, 
characterised in that said nanocomposite of the multielement 
material of said film is at least partially in a nanocrystalline state. 

15 8. An elementaccording to any of preceding claims, characterised 
i n that said nanocomposite of the multielement material of said film has 
amorphous regions mixed with regions in a nanocrystalline state. 

9. An element according to any of the preceding claims, 

20 characterised in that said film comprise individual regions (C. D, E) 
that is single element, binary phases, ternary phases and/or higher order 
phases of said layered cartside and nitride. 

10. An element according to any of the preceding claims, 

25 characterised i n that said film comprise a nanocomposite which 
composition correspond to a combination of different M ml AX„ and/or M , BX 
phases. 

11. An element according to any of the preceding claims. 

30 characteris d in that the thickness of saidfilmisinthe range of a 

fraction of an atomic layer to 1000 pm 
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12. An element according to any of the preceding claims, 
characterised in that the thickness of said film is in the range of 

0.0001 pmtolOOOiJm. 

5 

13. An element according to any of the preceding claims, 
characterised In that the thickness of said film is in the range of a 

fraction of an atomic layer to 5 \im. 

10 14. An element according to any of the preceding claims, 

characterised i n that said film comprise a metallic layer (Me), the 
thickness of the metallic layer is in the range of a fraction of an atomic layer to 
1000 pm. 

15 15. An element according to any of the preceding claims, 

characterised in that said multielement material layer is laminated 
with metallic layers (Me) in a multilayer structure. 

16. An element according to any of the preceding claims, 

20 characterised i n that said multielement material has a coat of said 
metallic layer (Me), In that the contact surface is metallic (Me). 

17. An element according to any of the preceding claims, 
characterised in that said multielement material comprise Individual 

25 regions (C. D, E) that is a single element, binary phases, ternary phases and/or 
higher order phases with an average composition equal to or similar to said , 
layered carbide and and nitride. 

18. An element according to any of the preceding claims, 

30 characterised i n that the metallic layer covers grains or regions of the 
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multietemenl material, with the total film thickness is in the range 0.0001 pm to 
1000 Mm. 

19. A element according to any of the preceding claims. 
5 characterised I n that said film is continuous. 

20. A element according to any claims 11-16. characterised In 
that said film is discontinuous. 

10 21 . A element according to any of the preceding claims, 

characterised in that said film is deposited on said body and adheres 

thereto. 
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22. A contact element according to any of the claims 1-21 . 
characterised i n that said film is arranged as freestanding foil to be 
applied against said contact member when making said electric contact. 

23. A contact element according to any of the preceding claims, 
characterised I n that said film is doped by one or several compounds 
for altering and improving friction, mechanical, themial and electrical properties 
of said film. 



24. A contact element according to claim 21 or 23. characterised 

1 n that said film is formed on said body by means of an chemical method such 
25 as a electroless or a electrolytic process. 

25. A contact element accoiding to daim 21 or 23. characterised 

I n that said film is deposited on said body by the use of a vapour deposition 
technique. 

30 



24 



26. A contact elementaccording to claim 25. char act ris d in that 
said film is deposited on said body by Physical Vapour Deposition (PVD) or 
Chemical Vapour Deposition (CVD). 

5 27. A contact element according to claim 21 or 23. c h a r a c t e r i s e d 
I n that said film is deposited on said body by dipping the body in a chemical 
solution or spraying It on said body through for example themnal or plasma 
spraying. 

10 28. A contact element according to claim 21, characterised in that 
said film is deposited using a combination of the techniques according to 
claims 23-2?; 

29. A sliding electric contact an^ngement. i.e. a contact arrangement In 
15 which two contact surfaces (2. 4) adapted to be applied against each other for 
establishing an electric contact may slide with respect to each other when 
establishing and/or interrupting and/or maintaining the contact action, 
characterised in that It has a contact element (3. 42) according to 
any of the preceding claims with said film arranged to fbnn a dry contact with a 
20 veiy low friction coefficient, below 0.6. preferably below 0.1 , to a contact 
member (5, 41). 

30. An arrangement according to claim 29. c h a r a c t e r I s e d i n that 
said contact member (5. 41) has also a contact surface (4) coated with a film 

25 comprising a multielement material film. 

31. An arrangement according to claim 29 or 30. characterised in 
that the surfaces of the contact element (15) and the contact member (14) 
adapted to applied against each other for establishing said electric contact are 

30 allowed to move with respect to each other as a consequence of 

magnetostriction or different coefficients of thennal expansion of the materials 
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Of surface portions of the contact element and the contact member upon 
temperature changes of the contact element and the contact member. 

32. A contact arrangement according to claim 31. characterised in 
5 that the contact element (15) and the contact member (14) are adapted to be 

pressed towards each other for establishing said contact. 

33. An arrangement according to claim 32. c h a r a c te r i s e d i n that 
the contact element (15) and the contact member (14) are adapted to be forced 

10 against each other by bolts or screws for establishing said electric contact there 
between. 

34. An arrangement according to any of claims 29-33. characterised 
i n that one (5. 41) of the contact element and the contact member is male-like 

15 and the other (3. 42) is female-like, and that the contact element and the 

contact member are adapted to establish said electric contact by being brought 
into engagement witti each other. 

35. An arrangement according to any of claims 29-33. characterised 
20 in that it comprises means for spring-loading the contact element and the 

contact member against each other fbr making said electric contact 

36. An arrangement according to any of claims 29-33, characterised 
i n that one of the contact element and the contact member belong to two 

25 parts of a mechanical disconnector movable away from each other for 
disconnecting two tenninals thereof. 

37. An arrangement according to any of claims 29-33. characterised 
i n that one of the contact element and the contact member belong to two 

30 parts of a mechanical breaker movable away from each other for breaking the 
current path between the tenninals thereof. 



26 



38. An arrangement according to any of claims 29-33, characterised 
i n that one of the contact element and the contact member belong to a crimp 
contact. 

39. Use of a contact arrangement according to any of claims 29-38. in which a 
contact for enabling contact to an electronic device, such as an integrated 
circuit (IC) is covered with a said multielement material film enabling electrical 
contact to the device. 

40. Use of a contact arrangement according to any of claims 29-38. in virtiich a 
probe for measuring and testing an integrated circuit (IC) is covered with a said 
multielement material film avoiding chemical degradation and metal cladding on 
the probe. 
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5 ABSTRACT 



An element for making an electric contact to a contact member 5. 15. 19. 41 for 
enabling an electric current to flow between said element and said contact 
member, said element 3.14. 42 comprising a body 6 having at least a contact 

10 surface 2. 4. 16. 43. 44 thereof coated with a contact layer applied against said 
contact member. The contact layer comprises a film comprising a multielement 
material with equal or similar composition as any of a layered carbide or nitride 
that can be described as MnAfi^n or M , BX. where M is a transition metal or a 
combination of a transition metals, n is 1 . 2. 3 or higher. A is an group A 

15 element or a combination of . a group A element. B is an group B element or a 
combination of a group B element and X is Cartjon. Nitrogen or both, (fig 1 A) 
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